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Amendments to the Claims 

This listing of claims replaces all previous versions, and prior listing, which have been 

submitted in the application: 

1. (Withdrawn) A method for altering the electrical characteristics of an organic 
semiconducting matrix material, the method comprising doping the organic semiconducting 
matrix material with a metal complex dopant, wherein the metal complex is an n-dopant with 
regard to the matrix material. 

2. (Withdrawn) The method as recited in claim 1 , wherein said organic semiconducting 
matrix material has a central atom selected from the group consisting of a neutral transition metal 
atom and a charged transition metal atom. 

3. (Withdrawn) The method as recited in claim 2, wherein at least one said central atom of 
said metal complex has a formal number of valence electrons of 16 or more and/or said metal 
complex is polynuclear and has at least one metal-metal bond between two said metal central 
atoms of said metal complex. 

4. (Withdrawn) The method as recited in claim 3, wherein said at least one central atom is 
botmd to a ligand comprising at least one donor atom that is dillerent from an aromatic nitrogen 
atom as a component of a 6-membered ring. 

5. ( Withdrawn) The method as recited in claim 4, wherein at least one of said at least one 
donor atoms binding to said ligand of said central atom is selected from the group consisting of: 
B, Al, Ga, In, C, Si, Ge, Sn, Pb, P, As, Sb, Bi, S, Se, Te. 

6. (Withdrawn) The method as recited in claim 4, wherein at least one said ligand forms a ti 
complex with said central atom of said metal complex. 
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7. (Withdrawn) The method as recited in claim 4, wherein said metal complex is a 
polynuclear metal complex in which at least one of said ligand coordinates to at least two of said 
metal central atoms. 

8. (Withdrawn) The method as recited in claim 4, wherein at least one of said ligands of 
said metal complex is selected from the group consisting of: halides, carboxylates, 
formamidinates, pyrimido-pyrimidines, hpp and guanidinates. 

9. (Withdrawn) The method as recited in claim 4, wherein at least one of said ligands of 
said metal complex belongs to the group consisting of: borates, carboranes, triazacycloalkanes, 
triazacycloalkenes, pyrroles, thiophenes, pyrazoles, imidazoles, thiazoles, oxazoles and 
fullerenes. 
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10. (Withdrawn) The method as recited in claim 9. wherein al least one borate Hgand is 
selected from the group consisting of the roliowing compounds; 11, 12, 13, 14, 16; wherein R, 
R', and R", independently of one another, are any substituent, including hydrogen; and wherein 
R, R' and R" can be the same or different in each case; and wherein E is an at least divalent atom 
or group of atoms: 




] 1 . (Withdrawn) The method as recited in claim 4, wherein said at least one donor atom 
binding to said at least one metal central atom is a carbanion-carbon atom or, with regard to said 
ligand, a formally divalent atom selected from the group consisting of: C (carbene). Si 

(silylene), Ge (germylene), Sn, Pb. 
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12. (Withdrawn) The method as recited in claim 1 1, wherein said formally divalent atom is a 
component of an aromatic or non-aromatic ring, wherein said ring further possesses the donor 
atom, and wherein said donor atom further possesses a heteroatom selected from the group 

consisting of: N, P, As, S, Se or Te. 

13. (Withdrawn) The method as recited in claim 4, wherein at least one said Hgand is a 
compound having a formula selected from the group consisting of: 27, 27a, 28, 28a, 45, 45a, 46 
or 46a; 




27a 288 45a 




46a 

wherein R is, in each case and independently of one another, any substituent, including 
hydrogen; wherein X is a heteroatom or carbon atom capable of acting as a donor; wherein X is 
an at least divalent atom or group of atoms; wherein one or two X can also be missing; wherein 
Z and Y are in each case a carbon or heteroatom capable of acting as a donor; and wherein Z and 
Y and two Y atoms can be the same as one another or different from one another in each case. 
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14. (Withdrawn) The melhod as recited in claim 4, wherein al least one said ligand is a 
compound selected from the group consisting of: 20-26, 29-37; wherein R is, in each case and 
independently of one another, any substituent, including hydrogen; wherein E is an atom selected 




fiA^ :^Aix: tAtr 




yfihi: 

-^yf^ 

If IT 

from the group consisting of: C, Si, Ge, Sn, Pb; wherein in each case P, As or Sb can be present, 
independently of one another, instead of N; and wherein Se or Te can be present, in each case 
independently of one another, instead of S. 
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15. (Withdrawn) The method as recited in claim 14, wherein E is selected from the group 
consisting of: C (carbene). Si (siiylene), and Ge (germylene). 

16. (Withdrawn) The method as recited in claim 4, wherein at least one said ligand is a 
compound selected from the group consisting of: 39-44, 47-56; 



wherein R is, in each case and independently of one another, any substituent, including 
hydrogen; wherein R and R' can be the same or different; wherein E is an atom selected from the 
group consisting of: C, Si, Ge, Sn, Pb; wherein X is a heteroatom or carbon atom capable of 
acting as a donor, and in each case independently of one another, P, As or Sb can be present 
instead of N; and wherein Se or Te can be present, in each case independently of one another, 
instead of S. 
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17. (Withdrawn) The method as recited in claim 1 5, wherein E is selected from the group 
consisting of: C (carbene). Si (siiyene), and Ge (germylene). 

1 8. (Withdrawn) The method as recited in claim 4, wherein at least one said ligand is 
selected from the group consisting of: compounds 59, 60, 61, 62, 63 and 64; 



wherein R is, in each case and independently of one another, any substituent, including 
hydrogen; wherein E is an atom selected from the group consisting of: C, Si, Ge, Sn, Pb; 
wherein X is a heteroatom or carbon atom capable of acting as a donor; wherein P, As or Sb can 
be present instead of N, indepdently of one another in each case; and wherein Se or Te can be 
present instead of S, independently of one another in each case. 

19. (Withdrawn) The method as recited in claim 4, wherein at least one said ligand is 
selected from the group consisting of: compounds 19, 38, 57 or 58; wherein R is, in each case 
and independently of one another, any substituent, including hydrogen; wherein X is a 
heteroatom or carbon atom capable of acting as a donor; and wherein P, As or Sb can be used 
instead of N, independently of one another in each case. 

20. (Withdrawn) The method as recited in claim 1 2, wherein at least one of said rings 
carrying said donor atom has at least one or more substituted or unsubstituted alkyl substituenls 
with C2-C20. 





61 



10 
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2 1 . (Withdrawn) The method as recited in claim 4, wherein at least one said ligand is a 
tripod ligand having the general structure: 




wherein R Is any substituent, including H; wherein R can be identical to the structural sequence - 
X-Y; wherein X represents an at least divaient atom or a group of atoms with or without 
heteroatoms; wherein X can be the same or different in each case; wherein Y is a heteroatom or 
carbon atom capable of acting as a donor; wherein Y can be the same or different and can be part 
of a ring; and wherein Z, as the central atom of said tripod ligand, can be any atom, including a 
metal atom. 

22. (Withdrawn) The method as recited in claim 21 , wherein said Y heteroatom is selected 
from the group consisting of: C, N, P, S, Se, Ge, and Sn. 

23. (Withdrawn) The method as recited in claim 1, wherein said metal complex is selected 
from the group comprising: M2hpp4, with M selected from the group comprising: Cr, Mn, Fe, 
Co, Ni, Cu, Zn, Mo, or W; M2(AikylCOO)4 F with M selected from the group comprising: Cr, 
Mn, Fe, Co, Ni, Cu, Zn, Mo, or W and with alky] in each case, the same as each other or 
different from one another, with CI to CIO; M2(guanidinate)4 with M selected frojm the group 
comprising: Cr, Mn, Fe, Co, Ni, Cu, Zn, Mo, or W; M2(formamidinate)4 with M selected from 
the group comprising Cr, Mn, Fe, Co, Ni, Cu, Zn, Mo, or W; M2(carboxylate)4 with M selected 
from the group comprising: Cr, Mn, Fe, Co, Ni, Cu, Zn, Mo, or W; M'2(halide)4 with M selected 
from the group comprising: Cr, Mn, Fe, Co, Ni, Cu, Zn, Mo, or W; bis(ri^-cyclopentadienyl)M 
with M selected from the group comprising: Cr, Mn, Fe, Co, Ni, Cu, Zn, Mo, or W; and 
benzene-M-(if -cyclopentadienyl) with M selected from the group comprising: Cr, Mn, Fe, Co, 
Ni, Cu, Zn, Mo, or W. 
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24. (Withdrawn) The method as recited in claim 4, wherein said ligand contains one or more 
hydrogen atoms and wherein said hydrogen atoms ai-e replaceable by residues, including alkyl 
residues. 

25. (Withdrawn) The method as recited in claim 1, wherein said metal complex has an 
ionization potential in the gas phase of less than 6 eV. 

26. (Withdrawn) The method as recited in claim 1, wherein said metal complex has an 
oxidation potential of E(l/2)ox against ferrocene/ferrocenium (Fe/Fe+) of <-0.09 V. 

27. (Withdrawn) A product comprising an organic semiconducting material disposed on a 
substrate, wherein the organic semiconducting material is a semiconducting matrix material 
doped with a metal complex dopant, and 

wherein said organic semiconducting material is disposed of at least one of an electrically 
contactable layer and an electrical line path arranged on a substrale. 

28. (Withdrawn) The product as recited in claim 27, wherein said organic semiconducting 
material contains at least one organic matrix compound and an n-dopant, and wherein said n- 

dopant comprises at least one neutral metal complex. 

29. (Withdrawn) The product as recited in claim 28, wherein the molar doping ratio of n- 
dopant to said organic matrix compound or the doping ratio of said dopant to monomeric units of 
a polymeric matrix molecule is between about 1:1 and about 1:100,000. 

30. (Withdrawn) A process for producing an organic semiconducting material, the process 
comprising doping an organic matrix molecule with an n-dopant, 

wherein said n-dopant is comprised of at least one neutral metal complex. 
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3 1 . (Withdrawn) A method for producing an electronic device, the method comprising 
forming an electronically functionally effective region containing a metal complex and an 
organic semiconducting material, 

wherein said mental complex is a neutral electron-rich metal complex. 

32. (Withdrawn) An electronic device having an electronically functionally effective region, 
wherein said electronically effective region comprises an organic semiconducting material and at 
least one neutral metal complex. 

33. (Withdrawn) An electronic device as recited in claim 32, wherein said electronically 
effective region has an organic semiconducting matrix material which is doped with at least one 
n-dopant in order to alter the electronic characteristics of the organic semiconducting matrix 
materials using at least one neutral metal complexes. 

34. (Withdrawn) An electronic device as recited in claim 32, wherein said device is in the 
form of one of the group consisting of: an organic light-emitting diode (OLED). a photovoltaic 
cell, and organic solar cell, an organic diode or an organic field effect transistor; wherein said 
organic semiconducting matrix material is doped with at least one neutral metal complex; and 
wherein said organic semiconducting matrix material represents said electronically effective part 
of said electronic device. 
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35. (Currently Amended) A depa^^metal complex for doping att organic semiconducting 
matrix material having the-foHewiftga structure selected from : 



k '4 



"Type 65a 



wherein a f[-]]is -CRiR^- or -NR -, b [l-]]is -CR.R4- or -NR- , c |:[=]]is -CRsR/.- or - 
SiRsR/,-, d l[=]Jis -CR7R«- or -NR-, and e [[-]]is -CRqRu.- or -NR- . wherein R,, R2, R3, R4, Rs, 
Rfi, R7, Rs, R91 and Rio are s elected independently from ^ at the same ti fflifr^ independently of o ne 
anether; H, C1-C20 alkyl, Cj-Cjo cycloalkyl, C1-C20 alkenyl, C1-C20 alkinyK aryl, heteroaryl, - 
NR2, or - OR, pr c ferabi)^ R4 H^rj^rR?H^ " H and Ra rR4r4^Fj^rRn)r=^4-ea 6 alkyl, d -G^ 

fewherein R [[=1] is selected independently from Cj-Cao alkyl, CrC2o 
cycloalkyl, C1-C20 alkenyl, CrC2o alkinyl, aryl,^ heteroaryl, or at c, C i s replaeed by Si ; 

wherein the bonds b-d and c-e or b-d and a-c ea amay , at the same time or independently 
of one another, be unsaturated, 

wherein the bonds b-d, a-c^ and c-e ean may , at the same time or independently of one 
another, be comprise part of a saturated or unsaturated ring system which ea nmay also 
eentaift comprise the at least one heteroelement[[s]] selected from the group consisting of: O, S, 
Se, N, P, Si, Ge, Mid Sn, 

wherein the bonds b-d, a-c^ and c-e ea amay . at the same time or independently of one 
another becom prise part of an aromatic or condensed aromatic ring system which ean may also 
comprise ^ ^t least one heteroeiement[|"sl1 selected from the group consisting of: O, S, Se, and 

N, 
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wherein the atom E is an element from the main group , pr e f e rably s e l e cted from the 
group N, As , Sl>; theu - gb wit ho ut being limited to ihts e, 

wherein the structural element a-E-b ea amay be comprise a component of a saturated or 

unsaturated ring system which eaftmay also e entain the compr ise at least one heteroelement[[s]] 
selected from the group consisting of: O, S, Se, K P, Si, Ge. and Sn, or 

the structural element a-E-b e^may be comprise a component of an aromatic ring system 
which eaHinay also c-ontain-the comprise at least one heteroelementr[sI1 selected from the group 
consisting of: O, S, Se, and N, [[,1] 

wherein the metal M is a transition metal , pref erab ly W or Mo; 



? I f 



Type 65b 



wherein th e structural e lements a f can m e a n: a [[=]]is -CRiR?- or-NR- , b [[=]]is - 
CR^Rt- or -NR- , c [MJis -CRsR^- or-^SiRg R^-, d [M]is -CR7RS- or-SiR 7Rji-. e [H]is -CRgRio- 
or -NR-, and f [Hlis -CRnRi? - or -NR- , wherein Ri, R2, R3, Rt, R5, R6, R7, Rs, R9, Rio, Rii, and 
Ri2 are selected independently from hydrogen, CrC2() alkyl. Ci-Cio cycloalkyl, C1-C20 alkenyl, 
Ci-C2o alkinyl aryi, heteroaryl, - NR2, or -OR, firefembly-RtrRarR>rR-7rRjrRu " H and R^H^:; 
R6rRsrRj.<)rR^2-^4-€3(> a i kyl, C ^aQ-^^yeloalfeylrGi-Gao alkenyl C |-€a) alkin>i aryl, 
heterooryt, — NRa-or — ORnf wherein the structure 65b withwherein Ri, R2, R3, R4, R5, R^, R?, Rg, 
R9, Rio, Ri i^and R12 [[=]Iare H being ig excluded from this, or in the styuo t ura J e l e m e nts c and/or 

wherein a <»r b er - e n of f em b& j4R-wjtb^R [[=|] is selected independently from C1-C20 
alky!, C1-C20 cycloalkyl, CrC2o alkenyl, C1-C20 alkinyl, aryI,jor heteroaryl, - wher e ki 
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G.i Cjo alkyl, C4- 




G.i.-G.24)-a 




wherein the bonds a-c, b-d, c-e. and d-f, but not simultaneously a-c and c-e and not 
simultaneously b-d and d-fj eanmay be unsaturated, 

wherein the bonds a-c, b-d, c-e^ and d-f ea mnav be comprise part of a saturated or 
unsaturated ring system which ea fimay also e e ata t fl - th e comprise at least one heteroelement[[s]] 
selected from the group consisting of: O, S, Se, N, P, Si, Ge, and Sn, 

wherein the bonds a-c, b-d, c-e^ and d-f ea amay be comprise part of an aromatic or 
condensed aromatic ring system which e ^may also e oHtaiB - th e comprise at least one 
heteroelement[[s1] selected from the group consisting of: O, S, Se. and N, 

wherein the atom E is an element from the main group , sel e ct e d from the group N, P, As 



wherein the structural element a-E-b ea nmay be comprise a component of a saturated or 
unsaturated ring system which eaft may also e- ontain the comprise at least one heteroelement[[sJ | 
selected from th e group consisting of : O, S, Se, N, P, Si, Ge, and Sn, 

wherein the structural element a-E-b earnnay be comprise a component of an aromatic 
ring system which eaftmay also eontain the comprise at least one heteroelement{[s]] selected from 

the grou p consi sting of: O, S, Se, and N. 

wherein the metal M is efte-ef^ Wv Me; a nd -a transition metal[[,]J. 
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fyp« 65c 

wherein #^e-stei€tttfa4-&temer rti i a f can mean: a |[=J)is -C'RiR^- or -NR- , b [[=] ]is - 
CRiR^- or -NR- . c [[=]lis -CRsRa- or -SiR sRf.-, d t[-Jjis -CRiRx- or -NR-. e ([=l]is -CRgRio- or - 
SiRpRjn-, and f [M]ls -CRnRn - or-NR- . wherein Ri, R2, R3, R4, Rs, ^6, R7, Rs, R9, Rio, Ri 1, 

from [[H]] hydrogen , C1-C20 alkyi, Ci-C2ocycloalkyL C1-C20 alkenyl, C1-C20 alkinyl, aryl, 

heteroaryl, - NR2, or -OR, wherein R is selected independently from C i-Crg alkyl. C i-Can 
cycloalkyl, Cr-C^ alkenyl. Ci-C7n alkinyl. aryl, or heteroaryl, preferably R ^7-R.^rR.srR?d^WR^■t^^ 
tf-aftd-Rgrft4rRi,r^»v^44)rfet-2^-^^^^ cycloalkyl, C i-G^g alkenyl, C i-G2-(r^iimh 




wherein the bonds a-c, c-e, e-f, and b-d, but not simultaneously a-c, c-e^ and e-f^ and not 
simultaneously a-c and c-e. and not simultaneously c-e and e-f^ ea amay be unsaturated, 

wherein the bonds a-c, c-e, e-f^ and b-d eaa-be mav comprise part of a saturated or 
unsaturated ring system which easmay also e entain the comprise at least one heteroelement[[s]| 
selected from the group consisting of: O, S, Se, N, P, Si, Gc. and Sn, 



9I6624IJ 



Applicant: Ansgar Werner, et al. 
Application No.: 10/585,215 
Filed: Febmary 24, 2009 
Page 16 of 43 

wherein the bonds a-c, c-e, e-f, and b-d etm-be may comprise part of an aromatic or 
condensed aromatic ring system which eanmay also cofltaffl - the comprise at least one 
heteroelement[[s]] selected trom the group consisting of: O, S, Se, and N , 

wherein the atom E is an element from the main grou p, preferably selected from th e 
group N, P, As, Sb, thoug h-wrt hout b eHig4i« iited to t he s e , 

wherein the structural element a-E-b e a n optienally be may co mprise a component of a 
saturated or unsaturated ring system which eanniay also contain the comp rise at lea st one 
heteroelement| [s]] selected fr om the gr ou p consistin g of: O, S, Se, N, P, Si, Ge, and Sn, 

wherein the structural element a-E-b can optienaliy b e may comprise a component of an 
aromatic ring system which eaa may also contain the c omprise at least one heteroelement| [s]] 
selected from the group consisting of: O, S, Sc, and N, 

wherein the metal M is a transition metal , preferably W or Mo ; or 
Type 65cl 

wherein the struetural element s a - g can m ea n f-a [|=]]is -CRiR?- or -NR- , b [[=]]is - 
CR^R4- or -NR- . c [[-]]is -CR^R^- or -SiR ^Rft-. d ||-|]is -CRtRm- or ^SiR yRs-, e [Hjis -CR9R10- 
or -NR-, f [[-]]is 2CR, !R|22 or -SiR nRi?-, and g [H|is -CRr,Ri4 - or -NR- , wherem R| , R2, R3, 
R4, R5, Re, R7, Rs, R9, Rio, Rn, R12, Ri3i and R14 can, at the same time or indepen dently from one 
afH>tlier74?e are independently selected from H, C1-C20 alkyl, C1-C20 cycloalkyl, C1-C20 alkenyl, 
C1-C20 alkinyl, aryl, heteroaryl, - NRa^ or -OR, preferably, R4 r%r^dR^?rfe>r^i4?-Rt-? ^ H and 
Ra^rR6rR8T^4<A2A4^==-G4-e3 o alkyl, C ^-G^ o cycloalkyl, C^ -^ alk e nyl, d -G ^ alldnyl, 
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simuhaneously- 



etw herein d and f cannot be 
-SiR yRK- and -SiRj iRn -, respectively, wherein e 



* R (T=n is selected inde pendently from C1-C20 aikyl, C1-C20 cycloalkyl, Ci- 

C20 alkenyi, CpC^d alkinyl, aryl._or heteroaryl, 



wherein the bonds a-c, c-e, b-d, d-f^ and f-g, but not simultaneously a-c and c-e, and not 
simultaneously b-d, d-^ and f-g, and not simultaneously b-d and d-f, and not simultaneously d-f 
and f-gj ea amay be unsaturated, 

wherein the bonds a-c, c-e, b-d, d-i\ and f-g ean-be mav comprise part of a saturated or 
unsaturated ring system^ which can also contai n may comprise at least one the-heteroelement[[s]J 
selected from the group consisting of: O. S, Se, N, P, Si, Ge. and Sn, 

wherein the bonds a-c, c~e, b-d,, and f-g eai»-b emav comprise part of an aromatic or 
condensed aromatic ring system which can al s o c o ntain m ay coniprise at least one the 
heteroelement[[s]] selected from the group consisting of: O, S, Se, and N, 

wherein the atom E is an element from the main grou p; prefera bty^ s ^ 
group N, P, As, Sb, though without being limit e d to these , 

wherein the structural element a-E-b can optionally be m av comprise a component of a 
saturated or unsaturated ring system which ean - atse - eentai n may comprise at least one the 
heteroelement[[s]] selected from the group consisting o f O, S, Se, N, P, Si, Ge, and Sn, wherein 
the structural element a-E~b e^i-feemay comprise a component of an aromatic ring system which 
can also eoH taifl mav comprise at least one tl?e-heteroeiement[[s]] selected from the group 
consisting of O, S, Se, and N, 

wherein the metal M is a transition metalri 
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36. (Canceled). 

37. (Currently Amended) The process as recited in claim 3M3, wherein said solvent is 
selected from the group consisting of an ether, an aromatic solventj and a mixture thereof. 

38. (Canceled). 

39. (Currently Amended) The process as recited in claim 3*37, wherein said ether is chosen 
from the group consisting of: dialkyl ether, cyclic ether, cyclic-^ and open-chain polyether. 

40. (Currently Amended) The process as recited in claim 3M3, wherein said reducing agent 
is a base metal. 

4 1 . (Original) TTie process as recited in claim 40, wherein said base metal is chosen from the 
group consisting of: sodium, potassium and caesium. 

42. (Currently Amended) The process as recited in claim 3€43, wherein said isolating step is 
performed by one of: crystallization, precipitation^ aftdor sublimation. 
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43. (Currently Amended) A process for preparing a dopant, comprising the steps of: 

(a) reacting an inorganic metal salt of the central atom M with a free base of a ligand 
in an organic solvent in the presence of a reducing agent and heating to reflux. 



(b) isolating the dopant product obtained after reacting and drying. the f jA) | ligand fef 
:; rbeing selected from-t 




Type 65a " 



wherein the s tructural elements a e can mean: a f [=]]is -CR.R?- or -NR-, b (|=l]is - 
CR.R4- or -NR- . c [MJis -CRsR.- or -SiR.R^- , d tM]is -CR7R«- or -NR-, and e[M]is -CR<jR,o- 
or -NR- , wherein Ri, R2, R3, R4, Rs, Rs, R7, and Rio are selected independently fromr «t 

alkenyl, C1-C20 alkinyl, aryl, heteroaryl - NR2, or - OR, pr e f e rably R^ ^^fc. R:.^ 4^^; ' H and R^ t 
R4rR6rR8rj^0T^-^-€aa alk y l Ci-Gae- cycloalkyl, €^ -€30 olkenyl, Ci-G^i) alkins 1, aryl. tei^reajyl^ 
-NRg or OR, wherein the structure 65a' wit hwhen Ri to Rio [[=]]are H is excluded frem - this , 
wherein the structure 65a' wit fewherein Ri and R2 [[=]]Me aryl is excluded feem this , wherein in 
the structure 65a' Ri and Rjo are always H, 



wherein a 



a be NR with R [[=[ l is selected independently from Cj-C2o 



alkyl, C1-C20 cycloalkyL Ci-C2o alkenyl, C)-C2n alkinyl, aryL^ heteroarvL 



a-and-d- or b and e 



1 be NR w rth-R-^4-€39 alkyl, dA 



G\-G m alkinyl, ar^'l, heteroaryly wherein 
Qt c, C is rep laced b y S i; 



h-Gka alkenyl. 
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wherein the bonds b-d and c-e or b-d and a-c ^amay, at the same time or independently 

of one another, be unsaturated, 



wherein the bonds b-d, a-c^ and c-e e mmay , at the same time or independently of one 

another, fee comprisc part of a saturated or unsaturated ring system which can also con tatfrthe 




Se, N, P, Si, Ge,.atid Sn, wherein the ligand wrt hwherein c-e [H | is selected from cyclohexyl 
m4gt_ cyclohexenyl is excluded4fOftt4te. or 

wherein the bonds b-d, a-c and c-e eaamay, at the same time or independently of one 
another b ecomprise part of an aromatic or condensed aromatic ring system which can also 



ojQ O, S, Se, and N, wherein the ligand in which b-d, a-c^ and c-e are components of benzene is 
excluded' frenvthi s, 

wherein the atom E is an element from the main grou p rp refe f ably - sekctcd from the 
group N, P, As, Sb, theugh - w i- thout being limited to these , 

wherein the structural element a-E-b eaH-b emav comprise a component of a saturated or 
unsaturated ring system which mn also « Mnain the heter oe lements m ay also comprise a 
heteroelement selected from the group consisting of: O, S, Se, N, P, Si, Ge, and Sn, or 

the structural element a-E-b con optionally b e may comprise a component of an aromatic 
ring system which can al s o c-i> n t ain t he heteroel ements may also comprise a heteroelement 
selected from the group consis t ing of: O, S, Se, and N, 




^ may also comprise a heteroelement selected from the group consisting of: O, S, 




»may also comprise a heteroelement selected from the group consisting 



wherein the metal M is a transition metal^ 
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wherein the structural elements a f can mea fH a [[=] lis -CRiR?- or -NR- , b [[=]]is - 
CR^R.1- or -NR- , c [l=]]is -CRsR^- or -SiR^Ry, d ([-]]is -CRtRx- or -CR TRr. e [|=]]is -CR9R10- 
or ~NR-. and f [HJis -CRnRn - or -NR- , wherein R], R2, R3, R4, R5, R6, R?, Rs, R9, Rio, R| b and 
R12 are selected independently from hydrogen, C|-C2() aikyi, Cj-Cao cycIoaJkyI, C1-C20 alkenyl, 
CrC2o alkinyl, ar>'l, heteroaryl, - NR2, or -OR, preferably RtrR?^^rR-?rR9r^ ~ H and R^ y^^ 

heteroaryly - NRg -ef — OR; wherein the structure 65b wit hwherein Rj, R2, R3, R4, R5, Rfi, R7, Rs, 
R^, R]o, R| u and R12 {|.=]Jare H beiftgis excluded from this , wherein the ligand with wherein R9, 
Rfo, Rii, and R12 | are selected independently from phenyl, methyl, allyl. RSCH2-, and 
ROCH2- being is excluded-ftenHhis, wherein the ligand wkh wherein Rt, | |==]]is phenyl, Rio 
[[=]]is H, Rn l[=]]is phenyl, and Ri? [MJis H beifigis excluded from this , wherein the ligand 
wt fewherein Rl [[=] Jis phenyl being is excluded from thi s, wherein t he ligand ¥i4t hwherein R5, 
R6, R7. and Rg [[==]]are phenoxy beiftgis excluded #om thi s, 

wherein in th e structu r al elements c and/or d; C can be replaced by Si; 

wherein a or b or e or f can be NR with R [[=]J is selected independently from C1-C20 
alkyl, C1-C20 cycloalkyl, C1-C20 alkenyl, C1-C20 alkinyl, aryl,_or heteroaryl, 

wherein the bonds a-c, b-d, c-e. and d-f, but not simultaneously a-c and c-e and not 
simultaneously b-d and d-f^, eanmay be unsaturated, 

wherein the bonds a-c, b-d, c-e. and d-f eaflrbe may comprise part of a saturated or 
unsaturated ring system which eae-a ko contain the he ter oelem e nts may also comprise a 
heteroelement selected from the group consisting of: O, S, Se, N, P, Si, Ge. and Sn, wherein 

the bonds a-c, b-d, c-e. and d-f ean-%ema y comprise part of an aromatic or condensed 
aromatic ring system which c - ^ - alse contain the heteroelerrt eBtsmay also comprise a 
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heteroelement sele cted from the group consisting of: O, S, Se, and N, wherein the ligand in 
which a-c, b-d, c-e^ and d-f are components of benzene beingis excluded4¥effl-tfeis, 

wherein the atom E is an element from the main group^ refera bly- selected from the 
group N, P., As, Sb, though wi thetrt- beiii g limited to th o s e, 

wherein the structural element a-E-b ean-b emay comprise a component of a saturated or 
unsaturated ring system which ean-afee-eeHtatfl-4be-heteroeloments may also comprise a 
heteroelement selected from the group cons isting of: O. S, Se, N, P, Si, Ge,_and Sn, excluding 
from-thi 'S the ligand ¥<4tb wherein a-E-b [(=] ) comprises a component of a.cyclopenty! and pyranyl 
structure whereinw ilh Ro ^ R m , R n , andt e R12 [[=]] are alkyl, 

wherein the structural element a-E-b ean^ may comprise a component of an aromatic 
ring system which can al s o eentain the - hetereelefnent s may also cornprise a heteroelement 
selected from the groiip consis t ing of: O, S, Se. and N, 

wherein the metal M is eB e-< »f - W - ^4 ii 4<> r and a transition metal; 




type 65c' 



wherein the-stfuc-teat etements a f can mean: a [[=]]is -CRiR?- or -NR- , b | |=||is - 
CR^R4- or -NR- . c [[-jjis -CRsRft- or -SiCR ^Rr,-, d [[=]]is -CRyRx- or -NR- , e f HJis -CR^Rto-^ 
"SiCR gRm-. and f tM]is -CRuRn - or -NR- . wherein Ri, R2, R3, R4, Rs, 1^, R7, Rg, R9, Rio, Ri u 
and R|2 can, at the same time or ind e pendently from one another, be are independently selected 
from H, C)-C2o alkyl, Ci-C2{)Cycloalkyl, C1-C20 alkenyl, Ci-Cio alkinyl, aryl, heteroaryl, - NR2. 
or -OR, preferably R4 7-R^rj^5r^^77-R9T-RH - H and Ra dR^rf^rRsrRt^^rRia^t-^ao alkyl, Q -Gm 

¥>4t hwherein Ri to Ri2 [[=]]are H beiftgis excluded from this , or 
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I, C can be Fe}>la€ e d-by Si; 





li-Gg^ alkyl, d-Gi 







wherein the bonds a-c, c-e, e-f^ and b-d, but not simultaneously a-c, c-e^ and e-f^ and not 
simultaneously a-c and c-e^ and not simultaneously c-e and e-C emmay be unsaturated, 

wherein the bonds a-c, c-e, e-1 and b-d eaa-b emav comprise part of a saturated or 



heteroelement selected from the group consisting of: O, S, Se, N, P, Si, Ge. and Sn, 

wherein the bonds a-c, c-e, e-f, and b-d eaa-fe emay comprise part of an aromatic or 
condensed aromatic ring system which ca n also c ontain the hotoroe I e ments may also comprise at 
least one heteroelement s e lected from the group consisting of: O, S, Se, and N, wherein the 
ligand withwhcrein th e structure is e xcluded when E [[==]]is N and simultaneously e-f and/or b-d 
asconi prise part of benzene or naphthalene being excluded from this , vyherein the ligand 
wit hwhcrein E [[=]]is N and simultaneously R? [[=]]^ [[==]]are phenyl being is excluded 
fi-om this , wherein t he ligand wit hwherein E [[=j]is N and R3 [[=]]is phenyl_orJl,]} benzyl be*»gis 
excluded from this 

wherein the atom E is an element from the main grou p, preferably selected from th e 
g r^p 44 -. j? . A s i Sb, though withoHy> e iflg - l i mited to thes e, wherein the ligand ¥i4t hwherein E 
[[=]]is_N and simultaneously the seven-membered ring wtt tcomprises more than one unsaturated 
bond beiftgis excluded from this 

wherein the structural element a-E-b can optionally be may comrp ise a component of a 
saturated or unsaturated ring system w-hich can also contain the hetereelement -s may comprise a 
heteroelement selected from the group consisting of: O, S, Se, N, P, Si, Ge, and Sn, 



unsaturated ring system which 




smay also comprise at least one 
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wherein the structural element a-E-b can opti oBally-be mav comrpise a component of an 
aromatic ring system which eai ^l s o eentettvA e -hetereeteme a ts may cpinprise a heteroelement 
selected {Vom the group consisting of: O, S, Se, and N, 

wherein the metal M is a transition metal^ 



Type 6Sd' 



A'herein the s tructural elements a - g e 



-a [Mils -CRiR7- or b [[=llis - 



CR,R4- or -NR-, c [[=]]is -ClUK,,- or -SiR sR^-. d f[-]]is -CRtRs- or-SiR TRs- e [[=l]is -CR^Rio- 
or-NR-. f [[-]]is -CRnRi?-or-SiRnRo-, and g [f:=jlis -CRnRu- or -NR-. wherein R,. R,- R=- 
R4, R5, R6, R7, Rs, R9, Rio, Ri i, R12, Ri3:. and Ri4 ca n, at th e s ame time or independently from ot ^ 
another, be are selected independently from H, C1-C20 alkyi, Cj-Cio cycloalkyL C!-C2o alkenyl, 
C1-C20 alkinyl, aryl, heteroaryl, - NR2, or -OR, prelb r ab l y, R ^T^^y-RsT-R^^-R^r^rf^ ^ - H and 
R3r^4r^^rR8rR4«rRt3rR44-^j-€3 6 alkyl, C^ -^a o cycloalkyl, €+ -€3 0 alkenyl, C ^-Gao-atkiflyj^ 

fepl ac e d bv S i wherein d and f may not comprise -SiR^ Rg- and -SiR nRn - simultaneously , 
wherein a or o r e e ^g-^ an be NR with R | | =^] |is sele cted independently from CrC2o alkyl, Cr 

C20 cycloalkyL C1-C20 alkenyl, Ct-Cao alkinyl, aiyl, orjieteroaryl. 



wherein the bonds a-c, c-e, b-d, d-f^ and f-g, but not simultaneously a-c and c-e, and not 
simultaneously b-d, d-f^ and f-g, and not simultaneously b-d and d-f, and not simultaneously d-f 
and f-g, ea amay be unsaturated, wherein the ligand in which b-d and f-g are simultaneously 
unsaturated being is excluded #om - this . 
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wherein the bonds a-c, c-e, b-d, d-f^ and f-g eaa-be may comprise part of a saturated or 
unsaturated ring system which can ai se- eentaiH#t e h c tcrocl c m c ntsm ay comprise a heteroclemcnt 
selected from the group consisting of: O. S, Se, N, P, Si, Ge. and Sn, 

wherein the bonds a-c, c-e, b-d, and f-g em~feeniaii comprise part of an aromatic or 
condensed aromatic ring system which can al s o c o ntain the het e roelem e nts may com prise a 
heteroclement selected from the group consisting of: O, S, Se, and N, wherein the ligand in 
which c-e and f-g ar-e-simiiltaneously comprise p art of a benzene ring being is excluded -lFem-this , 

wherein the atom E is an element from the main group , preferably selected from the 
group B, C, N, 0, Si, P, S, As, Se, Te, particularly p i^mbly-sete et^fr -6i THt be- g ^ F^ 

wherein the slructitraJ element a-E-b can optionally be may comprise a component of a 
saturated or unsaturated ring system which eaiv ^ il s6- G6 i it a4 fl4h 6- heteree te ment€ may comprise a 
heteroelement selected from the group consisting of: O, S, Se, N, P, Si, Ge, and Sn, wherein the 
structural element a-E-b em-feema y cotnipise a component of an aromatic ring system which em 
also eent ain the heteroelements may comprise a heteroelement selected from the group consisting 
qt O, S, Se,jind N. and 

wherein the metal M is a transition metal , pr e ferably W or Mo . 

44. (New) The dopant of claim 35, wherein the dopant has the structure of Type 65a wherein 

Ri, R3, R5, R7, and Rg are H, and R2, R4, Re, R-s. and Rjo, are selected independently from Ci-C2o 
alkyl, Ci-C2()cycloaikyl, Ci-C2o alkenyl, Ci-Cjo alkinyl, aryl, heteroaryl, -NR2, or -OR. 

46. (New) The dopant of claim 35, wherein the dopant has the structure of Type 65b wherein 

Ri, R3, R5, R7, R9, and Rn are H, and R2, R4, Rfi, Rh, Rhh and Riaare selected independently from 
C1-C20 alkyl, Cj-C2(> cycloalkyl, Ci-C2o alkenyl, C]-C2(} alkinyl, aryl, heteroaryl, - NR?, or OR. 

47. (New) The dopant of claim 35, wherein the dopant has the structure of Type 65b wherein 
a and f or b and e are -NR-. 
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48. (New) The dopant of claim 35, wherein the dopant has the structure of 'f ype 65c wherein 
Rs, R3, R5, R7, R9, and Rn, are hydrogen, and R?, R4, R6, Rs, Rio, and R12 are selected 
independently from CpC^o alkyi, d-Cjo cycloalkyl, C!-C2o aJkenyl, C1-C20 alkinyl, ary!, 

heteroaryl, - NR2, or -OR. 

49. (New) The dopant of claim 35, wherein the dopant has the structure of Type 65c wherein 
a and d or band f are -NR-. 

50. (New) The dopant of claim 35, wherein the dopant has the structure of Type 65d wherein 
R,, R3, Rs, R7, R9, Rih and R13 are hydrogen, and R2, R4, Rs, Rs, Rio, R12, and Rh are selected 
indepdently from C1-C20 alkyl, C1-C20 cycloalkyl, C1-C20 alkenyl, C1-C20 alkinyl, aryl, 
heteroaryl, - NR2, or -OR. 

5 1 . (New) The dopant of claim 35, wherein the dopant has the structure of Type 65d wherein 
a and g or b and e are -NR-. 

52. (New) The dopant of claim 35, wherein the element from the main group is selected 
from the group consisting of: N, P, As, and Sb. 

53. (New) I'he dopant of claim 35, wherein M is selected from W or Mo. 

54. (New) A semiconductive material comprising a metal complex according to claim 35, 
wherein the semiconducti ve material comprising a metal complex is in the form of an electrically 
contactable layer or of an electrical conduction path arranged on a substrate, 

55. (New) The process of claim 43, wherein the ligand has the structure of Type 65a% 
wherein R,, R3, R5, R7, and R9 are H, and R2, R4, R^, Rs, and Rjo are selected independently from 
CrC2o alkyl, Cs-Cio cycloalkyl, C1-C20 alkenyl, C!-C20 alkinyl, ar>'i, heteroaryl, -NR2, or -OR. 

56. (New) The process of claim 43, wherein the ligand has the structure of Type 65a\ 
wherein a and d or b and e are -NR-. 



9166241,1 



Applicant: Ansgar Werner, et al. 
Application No,; 10/585,215 
Filed: Februaiy 24, 2009 
Page 27 of 43 

57. (New) The process of claim 43, wherein the ligand has the structure of Type 65b', 
wherein R;, R3, R5, R7, R9, and R,i are H, and R2, R4, R6, Rs, Rio, and R12 are selected 
independently from C1-C20 alkyl, C1-C20 cycloalkyl, Ci-Cio alkenyl, Ci-C^o aikinyl, aryl, 

heteroaryl, - NR2, or - OR. 

58. (New) The process of claim 43, wherein the ligand has the structure of Type 65h\ 
wherein a and f or b and e are -NR-. 

59. (New) The process of claim 43, wherein the ligand has the structure of Type 65c', 
wherein Rf, R3, R5, R7, R9, and Rii are H, and R2, R4, 1^>, Rs, Rio, and R12 are selected 
independently from C1-C20 alkyl, C1-C20 cycloalkyl, C1-C20 alkenyl, C1-C20 aikinyl, aryl, 

heteroaryl, - NR2, or -OR. 

60. (New) The process of claim 43, wherein the ligand has the structure of Fype 65c', 
wherein a and d or band fare -NR-. 

61. (New) The process of claim 43, wherein the ligand has the structure of Type 65d', 
wherein Ru R3, R5, R7, R9, Ri i, and Ru are H, and R2, R4, Rs, R«, Rio, R12, and R14 are selected 
independently from CrC2o alkyl, C1-C20 cycloalkyl, C1-C20 alkenyl, C1-C20 aikinyl, aryl, 
heteroaryl, - NR2,or -OR. 

62. (New) The process of claim 43, wherein the ligand has the structure of Type 65d', 
wherein a and g or b and e are -NR-. 

63. (New) The process of claim 43, wherein E is selected from N, P, As, Sb, B, C, O, Si, S, 
Se, or Te. 

64. (New) The process of claim 43, wherein M is selected from W or Mo. 
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65. (New) A process for doping an organic semi-conducting matrix material, wherein the 
matrix material's electrical characteristics are altered, comprising the following steps: 

a) combining with an organic semi-conducting matrix material, an effective amount of 
an n-dopant, wherein the n-dopant is a neutral electron-rich metal complex of formula: 



wherein a is -CR,R2- or -NR-, b is -CR3R4" or -NR-, c is -CRsRf,- or -SiRsRfi-, d is - 
CR7R8- or -NR-, and e is -CRyRur or -NR-, wherein Ri, R2, R3. R4, R5, R6, R7, Rh, R9, and R|o 
are selected independently from H, C1-C20 alkyi, C1-C20 cycloalkyl, C1-C20 alkenyl, Ci-Cao 
alkinyl, aryl, heteroaryl, - NR2, or - OR, wherein R is selected independently from CrC2o alkyI, 
C(-C2o cycloalkyl, C1-C20 alkenyl, C1-C20 alkinyl, aryl, or heteroaryl; 

wherein the bonds b-d and c-e or b-d and a-c may, at the same time or independently of 
one another, be unsaturated, 

wherein the bonds b-d, a-c and c-e may, at the same time or independently of one 
another, comprise part of a saturated or unsaturated ring system which may also comprise at least 
one heteroelement selected from the group consisting of: O, S, Se, N, P, Si, Ge, and Sn, 

wherein the bonds b-d, a-c and c-e may, at the same time or independently of one another 
comprise part of an aromatic or condensed aromatic ring system which may also comprise theat 
least one heteroelement selected from the group consisting of: O, S, Se, and N, 

wherein the atom E is an element from the main group. 




^ 1^ 



Type 65a 



9166241.1 



Applicant: Ansgar Werner, et al. 
Application No.: 10/585,215 
Filed: February 24, 2009 
Page 29 of 43 

wherein the structural element a-E-b may comprise a component of a saturated or 
unsaturated ring system which may also comprise at least one heteroelement selected from the 
group consisting of: O, S, Se, N, P, Si, Ge, and Sn, or 

the structural element a-E-b may comprise a component of an aromatic ring system 
which may also comprise at least one heteroelement selected from the group consisting of: O, S, 
Se, and N, 

wherein the metal M is a transition metal; 

Type 6Sb 

wherein a is -CR1R2- or -NR-, b is -CR3IV or -NR-, c is -CR5R6- or -SiRsR^-, d is - 
CRyRg- or -SiR7Rr, e is -CR9R10- or -NR-, and f is -CRt 1R12- or -NR-, wherein R,, R2, R3, R4, 

R5, Rf,, R7. Rs, Ry, Rio, Rii- and Ri2 are selected independently from hydrogen, CrCjo alkyi, Cr 
C20 cycioalkyl, C!-C2o alkenyl, C1-C20 alkinyl, arvL heieroaryl, - NR2, or -OR, 

wherein R is se!a:ted independently from C1-C20 alkyl, CrC2o cycioalkyl, C1-C20 alkenyl, 
C1-C20 alkinyl, aryl, or heteroaryl, wherein 

wherein the bonds a-c, b-d, c-e, and d-f, but not simultaneously a-c and c-e and not 
simultaneously b-d and d-f may be unsaturated, 

wherein the bonds a-c, b-d, c-e, and d-f may comprise part of a saturated or unsaturated 

ring system which may also comprise at least one heteroelement selected from the group 
consisting of O, S, Se, N, P, Si, Ge, and Sn, 
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wherein the bonds a-c, b-d, c-e and d-f may comprise part of an aromatic or condensed 
aromatic ring system which may also comprise at least one heteroelemenl selected from the 
group consisting of: O, S, Se, and N, 

wherein the atom E is an element from the main group, 

wherein the structural element a-E-b may comprise a component of a saturated or 
unsaturated ring system which may also comprise at least one heteroelemenl selected from tlie 
group consisting of; O, S, Se, N, P, Si, Ge, and Sn, 

wherein the structural clement a-E-b may comprise a component of an aromatic ring 
system which may also comprise at least one heteroelement selected IVom the group consisting 
of; O, S, Se, and N, 

wherein the metal M is; 



wherein a is -CR1R2- or -NR-, b is -CR3R4- or -NR-, c is -CRjR*,- or -SiRsRe-, d is - 
CRyRr or -NR-, e is -CR9R10- or -SiRgRio-, and f is -CRnRn- or -NR-, wherein Rj, R2, R3, Rt, 
R5, Rg, R7, Rg, R9, Rh), Rj I, and Ri2 are independently selected from hydrogen, CrC2{) alkyl, Ci- 
C20 cycloalkyl, C1-C20 alkenyl, C1-C20 alkinyl, aryl, heteroaryi, - NR2, or -OR, wherein R is 
selected independently from C1-C20 alkyl, C1-C20 cycloalkyl, C1-C20 alkenyl, Ci-C2o alkinyl, aryl, 
or heteroaryi, 

wherein the bonds a-c, c-e, e-f, and b-d, but not simultaneously a-c, c-e, and e-f, and not 
simultaneously a-c and c-e, and not simultaneously c-e and e-f, may be unsaturated, 




Type 65c 
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wherein the bonds a-c, c-e, e-f, and b-d may comprise part of a saturated or unsaturated 
ring system which may also comprise at least one heteroelement selected from the group 
consisting of: O, S, Se, N, P, Si, Ge, and Sn, 

wherein the bonds a-c, c-e. e-f and b-d may comprise part of an aromatic or condensed 
aromatic ring system which may also comprise at least one heteroelement selected from the 
group consisting of: O, S, Se, and N, 

wherein the atom E is an element from the main group, 

wherein the structural element a-E-b may comprise a component of a saturated or 
unsaturated ring system which may also comprise at least one heteroelement selected from the 
group consisting of: O, S, Se, N, P, Si, Ge, and Sn, 

wherein the structural element a-E-b may comprise a component of an aromatic ring 
system which may also comprise at least one heteroelement selected from the group consisting 
of:0, S, Se,andN, 

wherein the metal M is a transition metai; or 



wherein a is -CRiRi- or -NR-, b is -CR3R4- or -NR-, c is -CR5R6- or -SiRjIV, d is - 
CRvRs- or-SiR7R8-, e is -CR<)Rur or -NR-, f is -CRnRi2- or ^SiRj 1R12-, and g is -CR,3R|4- or - 
NR-, wherein Ri, R2, R3, R4, Rs, RfS, R7, Rs, R9, Rio, Rih R12, R13, and Ri4 are independently 
selected ftom H, C)-C2o alkyl, C1-C20 cycloalkyl, Ci-C2r> alkenyl, C1-C20 alkinyl, aryl, heteroaryi, 
- NR2, or -OR, wherein d and f cannot be simultaneously -SiRvRg- and -SiRi iRi2-, respectively, 




4 



M 
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wherein R is selected independently from CrC2o alkyl, C1-C20 cycloalkyl, Ci-C20 alkenyl, C1-C20 

alkinyi, aryl, or heleroaryl, 

wherein the bonds a-c, c-e, b-d, d-f and f-g, but not simultaneously a-c and c~e, and not 
simultaneously b-d, d-f and f-g, and not simultaneously b-d and d-f, and not simultaneously d-f 

and f-g, may be unsaturated, 

wherein the bonds a-c, c-e, b-d, d-f, and f-g may comprise part of a saturated or 
unsaturated ring system, which may comprise at least one heteroelement selected from the group 
consisting of; O, S, Se, N, P, Si, Ge, and Sn, 

wherein the bonds a-c, c-e, b-d and f-g may comprise part of an aromatic or condensed 
aromatic ring system which may comprise at least one heteroelement selected from the group 

consisting of O, S, Se, and N, 

wherein the atom E is an element from the main group, 

wherein the structural clement a-E-b may comprise a component of a saturated or 
unsaturated ring system which may comprise at least one heteroelement selected from the group 
consisting of: O, S, Se, N, P, Si, Ge, and Sn, wherein the structural element a-E-b may comprise 
a component of an aromatic ring system which may comprise at least one heteroelement selected 
from the group consisting of: O, S, Se, and N, 

wherein the metal M is a transition metal. 

66. (New) The dopant of claim 65, wherein the dopant has the structure of Type 65a wherein 
Ri, R3, R5, R7, and R9 are H, and R2, R4, I^, Rs, and Rio, are selected independently from C1-C20 

alkyl, CrCio cycloalkyl, Ci-Czo alkenyl, C1-C20 alkinyi, aryl, heteroaryl -NR2, or -OR. 

67. (New) The dopant of claim 65, wherein the dopant has the structure of Type 65b wherein 
Ri, R3, R5, R7, R9, Rji are H, and R2, Rt, Re, Rs, Rio, Ri2are selected independently from C!-C2o 
alkyl, C)-C2o cycloalkyl, C1-C20 alkenyl, C1-C20 alkinyi, aryl, heteroaryl, - NR2, or ~ OR. 
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68. (New) The dopant of claim 65, wherein the dopant has the structure of Type 65b wherein 

a and for b and e are -NR-. 

69. (New) 'The dopant of claim 65, wherein the dopant has the structure of Type 65c wherein 

Ri, R3, R5, R7, R9, Rii, are hydrogen, and R.:. R4, Rf,, Rh^ Rio, Ri2 are selected independently from 
C1-C20 alkyl, C1-C20 cycloalkyl, C1-C20 alkenyl, Ci-C2{) alkinyl, aryl, heteroaryl, - NR2, or -OR, 

70. (New) The dopant of claim 65, wherein the dopant has the structure of Type 65c wherein 
a and d or band f are -NR-. 

71 . (New) The dopant of claim 65, wherein the dopant has the structure of Type 65d wherein 
Ri, R3, R5, R7, R9, Rii, and R13 are hydrogen, and R2, R4, R6, Rs, Rio, Rii, and Rh are selected 
indepdently from C1-C20 alkyl, C1-C20 cycloalkyl, C1-C20 alkenyl, C1-C20 alkinyl, aryl, 
heteroaryl, - NR2, or OR. 

72. (New) f he dopant of claim 65, wherein the dopant has the structure of Type 65d wherein 
a and g or b and e are -NR-. 

73. (New) The dopant of claim 65, wherein the element from the main group is selected 
from the group consisting of: N, P, As, and Sb. 

74. (New) The dopant of claim 65, wherein M is selected from W or Mo. 
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75, (New) An electronic componeni comprising an electronically functionally effective 
region, wherein the electronically effective region comprises one or more neutral metal 
complexes wherein the metal complex has a structure selected from: 



wherein a is -CR1R2- or -NR-, b is -CR3R4- or -NR-, c is -CR5R6- or -SiR^Rfr, d is - 
CR7R8- or -NR-, and e is -CR9R10- or -NR-, wherein R,, R3, R3, R4, R^, Rf,, R7, R9, and Rk, 
are selected independently from H, C1-C20 alkyl, Ci-C2o cycloalkyi, C1-C20 alkenyl, CpCao 
alkinyl, aryl, heteroaryl, - NR2, or - OR, wherein R is selected independently from C1-C20 alkyl, 
C1-C20 cycloalkyi, C1-C20 alkenyl, C1-C20 alkinyl, aryl, or heteroaryl; 

wherein the bonds b-d and c-e or b-d and a-c may, at the same time or independently of 
one another, be unsaturated, 

wherein the bonds b-d, a-c and c-e may, at the same time or independently of one 
another, comprise part of a saturated or unsaturated ring system which may also comprise at least 
one heleroelement selected from the group consisting of: O, S, Se, N, P, Si, Ge, and Sn, 

wherein the bonds b-d, a-c and c-e may, at the same time or independently of one another 
comprise part of an aromatic or condensed aromatic ring system which may also comprise theat 
least one heteroelement selected from the group consisting of: O, S, Se, and N, 

wherein the atom E is an element from the main group, 

wherein the structural element a-E-b may comprise a component of a saturated or 
unsaturated ring system which may also comprise at least one heteroelement selected from the 
group consisting of: O, S, Se, N, P, Si, Ge, and Sn, or 
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the structural element a-E-b may comprise a component of an aromatic ring system 
which may also comprise at least one heteroelement selected from the group consisting ol": (), S, 
Se, and N, 

wherein the metal M is a transition metal; 

^ 1 f 

ivt— -fyi '* 
Type 65b 

wherein a is -CR1R2- or -NR-, b is -CR3R4- or -NR-, c is -CRsR^- or -SiRjRft-, d is - 
CRtRs- or -SiR7R«-, e is -CR9R10- or -NR-, and f is -CR11R12- or -NR-, wherein Ri, R2, R3, R4, 
R5, Re, R7, Rk, R9, Rio, Rn, and Ro are selected independently from hydrogen, Ci-Cao alkyl, Ci- 
C20 cycloalkyl, Ci-C2o alkenyl, Ci-Cjo alkinyi, aryl, heteroaryl, - NR2, or --OR, 

wherein R is selected independently from C1-C20 alkyl, C1-C20 cycloalkyl, C1-C20 alkenyl, 
C1-C20 alkinyi, aryl, or heteroaryl, wherein 

wherein the bonds a-c, b-d, c-e, and d-f, but not simultaneously a-c and c-e and not 
simultaneously b-d and d-f may be unsaturated, 

wherein the bonds a-c, b-d, c-e, and d-f may comprise part of a saturated or unsaturated 
ring system which may also comprise at least one heteroelement selected from the group 
consisting of: O, S, Se, N, P, Si, Ge, and Sn, 

wherein the bonds a-c, b-d, c-e and d-f may comprise part of an aromatic or condensed 
aromatic ring system whicli may also comprise at least one heteroelement selected from the 

group consisting of: O, S, Se, and N, 
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wherein the atom E is an element from the main group, 

wherein the structural element a-E-b may comprise a component of a saturated or 
unsaturated ring system which may also comprise at least one heteroelement selected from the 
group consisting of: O, S, Se, N, P, Si, Ge, and Sn, 

wherein the structural element a-E-b may comprise a component of an aromatic ring 
system which may also comprise at least one heteroelement selected from the group consisting 
of: O, S, Se, and N, 

wherein the metal M is; 



whereina is -CR1R2- or -NR-, b is -CR3R t- or -NR-, c is -CR5R6- or -SiRsRf,-, d is - 
CRtRs- or -mi-, e is -CRoRk,- or -SiRgRnr, and 1' is -CRi .Rn- or -NR-, wherein Rj, R2, R3, iU, 
R5, R(>, R7, Rs, Ry, Rio, Ru, and R12 are independently selected from hydrogen, C1-C20 alkyi, Ci- 
C20 cycloalkyl, CrCao aikenyl, C1-C20 alkinyl, aryl, heteroaryl, - NR2 or, -OR, wherein R is 
selected independently from CrCao alkyl, C1-C20 cycloalkyl, Ci-Cjo aikenyl, Ci-C2o alkinyl, aryl, 
or heteroaryl, 

wherein the bonds a-c, c-e, e-f, and b-d, but not simultaneously a-c, c-e, and e-f, and not 
simultaneously a-c and c-e, and not simultaneously c-e and e-f, may be unsaturated, 

wherein the bonds a-c, c-e, e-f, and b-d may comprise part of a saturated or unsaturated 
ring system which may also comprise at least one heteroelement selected from the group 
consisting of: O, S, Se, N, P, Si, Ge, and Sn, 
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wherein the bonds a-c, c-e, e-f and b-d may comprise part of an aromatic or condensed 
aromatic ring system which may also comprise at least one heteroelement selected from the 
group consisting of: O, S, Se, and N, 

wherein the atom E is an element from the main group, 

wherein the structural element a-E-b may comprise a component of a saturated or 
unsaturated ring system which may also comprise at least one heteroelement selected from the 
group consisting of: O, S, Se, N, P, Si, Ge, and Sn, 

wherein the structural element a-E-b may comprise a component of an aromatic ring 
system which may also comprise at least one heteroelement selected from the group consisting 
of: O, S, Se, and N, 

wherein the metal M is a transition metal; or 



wherein a is -CRiRa- or -NR-, b is -CR3R4- or -NR-, c is -CR5R6- or ~SiR5R6-, d is - 
CR7R8- or-SiR7R8-, e is -CRgRto- or -NR-, f is -CR,|Ri2- or SiRiiRi2-, and g is -CRoR^- or - 
NR-, wherein Ri, R2, R3, R4, R5, R6, R7, Rs, R9, Rf)- Rib R12. Rls, and Rh are independently 
selected from H, C1-C20 alkyl, C1-C20 cycloalkyl, Ci-C2o alkenyl, C1-C20 alkinyl, aryl, heteroaryl, 
- NR2 or -OR, wherein d and f cannot be simultaneously -SiR7R8- and -SiR] 1R12-, respectively, 
wherein R is selected independently from C1-C20 alkyl, Cs-Cjo cycloalkyl, C1-C20 alkenyt, C1-C20 
alkinyl, aryl, or heteroaryl. 
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wherein the bonds a-c, c-e, b-d, d-f and f-g, but not simuUaneously a-c and c-e, and not 
simultaneously b-d, d-f and f-g, and not simultaneously b-d and d-f, and not simultaneously d-f 
and f-g, may be unsaturated, 

wherein the bonds a-c, c-e, b-d, d-f, and f-g may comprise part of a saturated or 
unsaturated ring system, which may comprise at least one heteroelement selected from the group 
consisting of: O, S, Se, N, P, Si, Ge, and Sn, 

wherein the bonds a-c, c-e, b-d and f-g may comprise part of an aromatic or condensed 
aromatic ring system which may comprise at least one heteroelement selected from the group 
consisting of: O, S, Se, and N, 

wherein the atom E is an element from the main group, 

wherein the structural element a-E-b may comprise a component of a saturated or 
unsaturated ring system which may comprise at least one heteroelement selected from ihe group 
consisting of: O, S, Se, N, P, Si, Ge, and Sn, wherein the structural element a-E-h may comprise 
a component of an aromatic ring system which may comprise at least one heteroelement selected 
from the group consisting of: O, S, Se, and N, 

wherein the metal M is a transition metal. 

76. (New) The dopant of claim 75, wherein the dopant has the structure of Type 65a wherein 
Ri, R3, R5, R7, and R9 are H, and R2, R4, Re, Rs, and Rio, are selected independently CrCao alkyl, 
Ci-CaocycloalkyI, Ci-Cao alkenyl, C1-C20 alkinyl, aryl, heteroaryl, -NR2, or -OR. 

77. (New) The dopant of claim 75, wherein the dopant has the structure of Type 65b wherein 
Ri, R3, R5, R7, R9, and Rn are H, and R2, R4, Re, Rs, Rio, and Ri2are selected independently from 
CrC2o alkyl, Ci-C2o cycloalkyl, CrCa. alkenyl, C1-C20 alkinyl, aryl, heteroaryl, - NR2, or - OR. 

78. (New) ITie dopant of claim 75, wherein the dopant has the structure of Type 65b wherein 
a and f or b and e are -NR-. 



9166241! 



Applicant; Ansgar Werner, et al. 
Application No,: 10/585,215 
Filed: February 24, 2009 
Page 39 of 43 

79. (New) The dopant of claim 75, wherein the dopant has the structure of Type 65c wherein 
Ri, R3, R5, R7, R9, and Ri 1, are hydrogen, and R2, R4, R*, Rs, R-to. and R12 are selected 
independently from C1-C20 alkyi, C1-C20 cycloalkyl, C1-C20 alkenyl, C1-C20 alkinyl, aryk 
heteroaryl, - NR?, or -OR. 

80. (New) The dopant of claim 75, wherein the dopant has the structure of Type 65c wherein 
a and d or band f are -NR-. 

8 1 . (New) The dopant of claim 75, wherein the dopant has the structure of Type 65d wherein 
Ru R3, R5, R7, R9, Rii, and Ri3 are hydrogen, and R2, R4, R6, R«, Rio, R12, and R14 are selected 
indepdently from CrC2o alkyI, C1-C20 cycloalkyl, Ci-C2o alkenyl, CrC2o atkinyl, aryl, 
heteroaryl, - NR2, or -OR. 

82. (New) The dopant of claim 75, wherein the dopant has the structure of Type 65d wherein 
a and g or b and e are -NR-. 

83. (New) The dopant of claim 75, wherein the element from the main group is selected 
from the group consisting of: N, P, As, and Sb. 

84. (New) The dopant of claim 75, wherein M is selected from W or Mo. 

85. (New) The electronic component according to claim 75, wherein the electronically 
effective region comprises an organic semi-conducting matrix material which is n-doped by at 

least one of the metal complexes. 

86. (New) fhe organic semiconductive material according to claim 85, wherein the molar 
doping ratio of dopant to matrix molecule or the doping ratio of dopant to monomeric units of a 
polymeric matrix molecule is between 1 : 1 and 1 : 1 00,000. 
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87, (New) The electronic component according to claim 85, wherein the electronic 
component is an organic light-emitting diode, a photovoltaic cell, an organic solar cell, an 
organic diode, or an organic field-effect transistor, wherein the semi-conducting organic material 
doped with the at least one or more neutral metal complex is an electronically functionally 
effective region of the electronic component. 

88. (New) The electronic component of claim 75, wherein the metal complex comprises an 
injection layer in the electronic component. 
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